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ABSTRACT 

Acute  mountain  sickness  (AMS)  commonly  occurs  at  altitudes  exceeding  2000-2500  m  and 
usually  resolves  after  acclimatization  induced  by  a  few  days  of  chronic  residence  at  the  same 
altitude.  Increased  ventilation  and  diuresis  may  contribute  to  the  reduction  in  AMS  with  altitude 
acclimatization.  The  aim  of  the  present  study  was  to  examine  the  effects  of  intermittent  altitude  ex¬ 
posures  (IAE),  in  combination  with  rest  and  exercise  training,  on  the  incidence  and  severity  of 
AMS,  resting  ventilation  and  24-h  urine  volume  at  4300  m.  Six  lowlanders  (age,  23  ±  2  years;  body 
weight,  77  +  6  kg;  values  are  means  ±  S.E.M.)  completed  an  Environmental  Symptoms  Question¬ 
naire  (ESQ)  and  Lake  Louise  AMS  Scoring  System  (LLS),  a  resting  end-tidal  partial  pressure  of 
C02  (P etco2)  test  and  a  24-h  urine  volume  collection  at  sea  level  (SL)  and  during  a  30  h  exposure 
to  4300  m  altitude-equivalent  (barometric  pressure  =  446  mmHg)  once  before  (PrelAE)  and  once 
after  (PostlAE)  a  3-week  period  of  IAE  (4  h-day'"1,  5  days  week1,  4300  m).  The  previously 
validated  factor  score,  AMS  cerebral  score,  was  calculated  from  the  ESQ  and  the  self-report  score 
was  calculated  from  the  LLS  at  24  h  of  altitude  exposure  to  assess  the  incidence  and  severity 
of  AMS.  During  each  IAE,  three  subjects  cycled  for  45-60  min  day^'  at  60-70%  of  maximal 
02  uptake  (Vo2max)  and  three  subjects  rested.  Cycle  training  during  each  IAE  did  not  affect 
any  of  the  measured  variables,  so  data  from  all  six  subjects  were  combined.  The  results  showed 
that  the  incidence  of  AMS  (%),  determined  from  both  the  ESQ  and  LLS,  increased  (P  <  0.05) 
from  SL  (0  ±  0)  to  PrelAE  (50  ±  22)  at  24  h  of  altitude  exposure  and  decreased  (P  <  0.05)  from 
PrelAE  to  PostlAE  (0  +  0).  I  he  severity  of  AMS  (i.e.  AMS  cerebral  symptom  and  LLS  self- 
report  scores)  increased  (P  <  0.05)  from  SL  (0.02  +  0.02  and  0.17  +  0.17  respectively)  to 
PrelAE  (0.49  +  0.18  and  4.17  +  0.94  respectively)  at  24  h  of  altitude  exposure,  and  decreased 
(P  <0.05)  from  PrelAE  to  PostlAE  (0.03  +  0.02  and  0.83  +  0.31  respectively).  Resting  Petco2 
(mmHg)  decreased  (i.e.  incr  ease  in  ventilation;  P  <  0.05)  from  SL  (38+  I)  to  PrelAE  (32+1)  at 
24  h  of  altitude  exposure  and  decreased  further  (P  <  0.05)  from  PrelAE  to  PostlAE  (28  ±  I ). 
In  addition,  24-h  urine  volumes  were  similar  at  SL,  PrelAE  and  PostlAE.  In  conclusion,  our  findings 
suggest  that  3  weeks  of  IAE  provide  an  effective  alternative  to  chronic  altitude  residence  for 
increasing  resting  ventilation  and  reducing  the  incidence  and  severity  of  AMS. 


Key  words:  acme  mountain  sickness,  arterial  oxygen  saturation,  hypobaric  hypoxia,  intermittent  hypoxia,  urine  volume,  ventilation. 
Abbreviations:  AMS,  acute  mountain  sickness;  AMS-C;  AMS  cerebral  symptom;  AMS-R;  AMS  respiration  symptom;  D14P,  diastolic 
blood  pressure;  ESQ,  Environmental  Symptoms  Questionnaire;  HR,  heart  rate;  IAE,  intermittent  altitude  exposures;  LLS,  Lake 
Louise  AMS  Scoring  System;  /+,  barometric  pressure;  PETCO2,  end-tidal  portial  pressure  of  CCA;  Saor,  arterial  Or  saturation;  SBP, 
systolic  blood  pressure;  SL,  sea  level;  Vormax,  maximal  Or  uptake. 
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IlMTiOPUCTlOi 

Acute  mountain  sickness  (AMS)  is  a  syndrome  induced 
by  hypoxia  in  unacclimatized  individuals  who  ascend 
rapidly  to  altitudes  exceeding  2500  m  and  remain  there 
for  more  than  several  hours  [1-4].  Characteristic  symp¬ 
toms  include  headache,  nausea,  vomiting,  loss  of  appetite, 
fatigue,  dizziness  and  sleep  disturbances  [2,4-7],  The  on¬ 
set  of  AMS  usually  occurs  4-1 2  h  after  ascent,  and  symp¬ 
toms  become  most  prominent  after  the  first  night  spent  at 
high  altitude.  Resolution  of  AMS  usually  occurs  follow¬ 
ing  altitude  acclimatization  induced  by  1-2  days  of  high- 
altitude  residence  if  no  further  ascent  is  attempted  [3,8]. 
Increased  ventilation  and  diuresis,  which  can  occur  over 
the  same  few  days  of  high-altitude  residence,  may  contri¬ 
bute  to  the  resolution  of  AMS  with  altitude  acclimatiza¬ 
tion  [3,8-10]. 

Although  a  few  days  of  high-altitude  residence  signi¬ 
ficantly  reduces  the  incidence  and  severity  of  AMS  symp¬ 
toms,  athletes  or  military  units  rapidly  deployed  to 
high  altitude  may  be  completely  incapacitated  by  AMS 
during  the  first  few  days  at  a  new  altitude.  Thus  current 
guidance  suggests  the  use  of  slow  or  staged  ascent 
profiles  to  induce  altitude  acclimatization  and  reduce 
the  debilitating  effects  associated  with  the  initial  occur¬ 
rence  of  AMS  [1,11,12].  However,  lor  many  occupations 
and  recreational  activities,  participants  may  not  have  suf¬ 
ficient  time  and  logistical  support  to  utilize  these  staged 
ascent  profiles.  Alternatively,  acetazolamide  provides  an 
effective  pharmacological  prophylaxis  for  AMS  upon 
rapid  ascent  to  high  altitude  [2,13-15],  but  may  have  side 
effects,  including  gastric  distress,  nausea,  constipation,  fa¬ 
tigue  and  paresthaesia.  A  promising  alternative  approach 
to  induce  altitude  acclimatization  and  reduce  the  incid¬ 
ence  and  severity  of  AMS  is  the  use  of  intermittent  altitude 
exposures  (IAE).  Even  though  descriptive  improve¬ 
ments  in  altitude  illness  have  been  reported  following 
IAE  [16,17],  the  incidence  and  severity  of  AMS  has 
not  been  quantitatively  measured  before  and  after  IAE 
in  a  group  of  lowlanders.  In  addition,  the  relationship 
between  changes  in  the  severity  of  AMS  and  changes 
in  arterial  02  saturation  (A'aco)  and  24- h  urine  volumes 
following  IAE  have  not  been  reported. 

Even  though  performing  exercise  while  ascending  to 
altitude  has  been  shown  to  increase  symptoms  of  AMS 
[18],  possibly  due  to  increased  hypoxaemia  and  sodium 
retention  [19],  the  use  of  moderate  exercise  in  combi¬ 
nation  with  residence  at  altitude  may  enhance  the  magni¬ 
tude  ot  acclimatization,  due  to  the  exacerbation  of  arterial 
hypoxaemia  during  exercise  at  4300  m.  If  exercising  at  60- 
70  %  of  maximal  02  uptake  (Vo2max)  at  4300  m  induces 
a  5-10%  arterial  desaturation  [20,21],  this  amount  of 
desaturation  is  equivalent  to  sitting  at  an  altitude  of  ap¬ 
prox.  5000  -5500  m  [22].  Thus  the  addition  of  exercise 
at  a  given  altitude  is  another  way  of  providing  a  greater 
hypoxic  stress  (i.e.  ‘higher  altitude  exposure’)  to  the  body 


without  increasing  the  exposure  altitude  and  may  induce 
a  greater  degree  of  acclimatization. 

The  aim  of  the  present  study,  therefore,  was  to  examine 
the  effects  of  3  weeks  of  IAE  (4h-day  5  days  • 
week1,  4300  m)  on  the  incidence  and  severity  of  AMS 
symptoms,  resting  ventilation  and  24-h  urine  volume. 
We  hypothesized  that  3  weeks  of  IAE  would  reduce  the 
incidence  and  severity  of  AMS  symptoms  at  4300  m  and 
that  the  reduction  in  AMS  severity  would  be  associated 
with  an  increase  in  resting  ventilation  (i.e.,  increase  in 
S'ao2)  and  24-h  urine  volume.  We  also  hypothesized  that 
cycle  training  during  the  3  weeks  of  IAE  would  reduce 
further  the  incidence  and  severity  of  AMS  symptoms 
related  to  the  exacerbation  of  arterial  hypoxaemia  during 
cycle  training  sessions. 

METHODS 

tfeliamteer  test  subjects 

Eight  non-smoking  volunteers  (six  men  and  two  women) 
enrolled  in  the  study.  Two  volunteers  dropped  out  during 
the  study  and,  therefore,  six  non-smoking  volunteers 
(five  men  and  one  woman)  with  a  mean  (  +  S.E.M.)  age 
and  body  weight  of  23  +  2  years  and  77  +  6  kg  respect¬ 
ively,  participated.  Each  was  a  life-long  low-altitude 
resident  and  had  no  exposure  to  altitudes  greater  than 
1000  m  for  at  least  6  months  immediately  preceding  the 
study.  All  volunteers  received  medical  examinations,  and 
none  had  any  condition  warranting  exclusion  from  the 
study.  All  had  normal  haemoglobin  and  serum  ferritin 
levels.  The  woman  had  a  normal  menstrual  cycle  length 
(28  +  1  days)  over  the  2-month  testing  period,  had  not 
taken  oral  contraceptives  or  hormone  therapy  for  the 
previous  6  months  and  had  never  been  pregnant.  Testing 
was  not  controlled  for  menstrual  cycle  phase,  because 
AMS  cerebral  (AMS-C),  AMS  respiration  (AMS-R)  and 
Lake  Louise  AMS  Scoring  System  (LLS)  self-report 
symptom  scores  do  not  differ  between  the  follicular 
and  luteal  phases  of  the  menstrual  cycle  at  4300  m  [23]. 
All  volunteers  performed  regular  sea-level  (SI.,)  aerobic 
training  (1-2  h  week'1)  before  and  during  the  study  to 
maintain  pre-study  level  of  SL  physical  fitness.  All  were 
of  average  physical  fitness.  Each  gave  written  and  verbal 
acknowledgment  of  their  informed  consent  and  was  made 
aware  of  their  right  to  withdraw  without  prejudice  at 
any  time.  The  research  was  carried  out  in  accordance 
with  the  Declaration  of  Helsinki  (2000)  of  the  World 
Medical  Association.  Investigators  have  adhered  to  the 
policies  for  protection  oi  human  subjects  as  prescribed  in 
Army  Regulation  70-25,  and  the  research  was  conducted 
in  adherence  with  the  provisions  of  45  Code  of  Federal 
Regulations  Part  46. 

Study  design 

The  study  used  an  unblinded  two-factor  (test  condi¬ 
tion  and  group)  experimental  design.  The  test:  conditions 
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figure  1  Study  design 

Each  test  volunteer’s  incidence  and  severity  of  AMS,  resting  ventilation  and  24-h 
urine  volume  were  measured  during  preliminary  measurements  (Prelim),  at  SL,  and 
during  a  30  h  exposure  to  4300  m  altitude-equivalent  (PB  =  446  mmHg)  once 
before  (PrelAE)  and  once  after  (PostlAE)  a  3-week  period  of  IAE  (4  h  •  day  1 ; 

5  days  ■  week  1 ,  4300  m).  Modified  from  [24]  with  permission.  ©  (2003) 
American  Physiological  Society. 

were  defined  as  SL,  before  IAE  (PrelAE)  and  after  IAE 
(PostlAE).  The  groups  were  defined  as  rest  and  cycle 
training  during  IAE.  Each  test  volunteer’s  incidence 
and  severity  of  AMS,  resting  ventilation  and  24-h  urine 
volume  were  measured  at  SL  and  during  a  30  h  ex¬ 
posure  to  4300  m  altitude-equivalent  [barometric  pres¬ 
sure  (7)b)=446  mmlTg]  once  before  (PrelAE)  and  once 
after  (PostlAE)  a  3-week  period  of  IAE  (4  h  •  day 

5  days -week . *,  4300  m)  (Figure  1).  Each  volunteer’s 

Vo.> max  and  maximal  heart  rate  (HR)  were  also 
determined  within  approx.  4-6  h  of  exposure  to  SL, 
PrelAE  and  PostlAE  and  these  results  have  been  reported 
previously  [24 ] .  To  minimize  the  impact  of  potential 
learning  effects,  all  volunteers  completed  a  preliminary 
Environmental  Symptoms  Questionnaire  (ESQ)  and  LI  ,S 
at  4300  m  and  SL  and  a  resting  end-tidal  partial  pressure 
of  COj  (Petco2)  test  and  24-h  urine  volume  collection 
at  SL  prior  to  definitive  data  collection. 

IAE 

In  the  morning  before  each  IAE,  volunteers  were  weighed 
(wearing  t-shirts,  shorts  and  socks).  If  body  weight  had 
changed  by  more  than  +  1  kg  from  baseline  during 
the  morning  weigh-in,  volunteers  were  encouraged  to 
eat  more  or  less  depending  on  the  direction  of  body 
weight  change,  in  order  to  maintain  constant  body  weight 
throughout  the  study.  During  each  IAE,  the  three 
volunteers  randomly  assigned  to  the  resting  group  sat 
in  their  bunks,  watched  television,  listened  to  music,  read 
books  and  wrote  letters  for  the  4  h  altitude  exposure. 
In  contrast,  the  three  volunteers  randomly  assigned  to 
the  exercise  training  group  exercised  for  approx.  45- 


60  min,  starting  within  1 5  min  of  arriving  at  altitude,  and 
rested  for  the  remainder  of  the  4  h  altitude  exposure.  The 
exercise  performed  during  each  IAE  consisted  of  conti¬ 
nuous  constant  work  rate  and  interval  training  on  a 
cycle  ergometer  (Model  8 1 8E;  Monark,  Varberg,  Sweden) 
at  an  intensity  corresponding  to  approx.  70-85  %  of 
pre-training  altitude  maximal  HR.  As  exercise  training 
progressed,  cycle  work  rates  were  adjusted,  if  necessary, 
to  ensure  achievement  of  appropriate  training  HR  during 
each  training  session.  Systolic  blood  pressure  (SBP)  and 
diastolic  blood  pressure  (DBP),  using  a  sphygmomano¬ 
meter  (Baumanometer;  W.  A.  Baum,  Copiague,  NY, 
U.S.A.),  Sao2,  using  a  finger  pulse  oximeter  (Model 
N-200;  Nellcor,  Pleasanton,  CA,  U.S.A.),  and  HR,  using 
a  wireless  HR  watch  (Model  8799,  Computer  Instru¬ 
ments,  Hempstead,  NY,  U.S.A.),  were  periodically 
measured  on  both  groups  of  volunteers.  Mean  arterial 
pressure  was  calculated  as  0.333  x  (SBP  —  DBP)  +  DBP. 

At  the  end  of  each  training  session,  all  volunteers 
remained  resting  in  the  hypobaric  chamber,  so  that  their 
total  exposure  time  to  hypobaric  hypoxia,  including  a 
15  min  decompression  and  15  min  recompression,  was 
4  h  •  day  L  Volunteers  were  encouraged  to  drink  water 
to  replace  any  fluid  loss  during  exercise  and/or  altitude 
exposure.  All  volunteers  were  required  to  maintain  (i.e. 
not  increase  or  decrease)  their  1-2  h-  week  "1  aerobic 
training  at  SL  to  maintain  their  pre-study  level  of  physi¬ 
cal  fitness.  Physical  activity  monitor  logs  were  kept 
throughout  the  5  week  study. 


Environmental  conditions 

All  testing  and  training  were  performed  in  a  hypobaric 
chamber  that  was  maintained  at  a  temperature  and 
relative  humidity  of  21+2  ”C  and  45  +  5  %  respectively. 
The  SL  testing  was  performed  at  ambient  barometric 
pressure  (approx.  760  mm  Fig),  and  all  altitude  exposures 
were  conducted  at  an  altitude-equivalent  of  4300  m 
f/JB  =  446  mmHg). 


Diet 

The  quantity  of  food  consu  med  was  not  limited;  however, 
to  limit  the  potential  effects  that  diet  may  have  on  the 
incidence  and  severity  of  AMS  symptoms  [25],  volunteers 
were  given  meals  of  identical  nutrient  and  caloric  con¬ 
tent  during  each  30-h  test  condition  at  SL,  PrelAE  and 
PostlAE.  Food  intake  was  recorded  and  analysed  for 
energy  content  and  percentage  contribution  of  macronu¬ 
trients  (Nutritionist  111  v.6.0;  N-Squared  Computing, 
Silverton,  OR,  U.S.A.).  Urine  volumes  over  24  h  were 
recorded  during  the  first  24  h  of  testing  at  SL,  PrelAE 
and  PostlAE.  At:  no  time  during  the  entire  study  were 
volunteers  allowed  to  consume  caffeine. 

iesting  ventilation 

Resting  ventilation  measurements  were  performed  in  a 
fasted  condition  after  approx.  20-22  h  exposure  to  each 
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test  condition.  Volunteers  sat  in  a  semi-recumbent  posi¬ 
tion  and  breathed  through  a  low-resistance  respiratory 
valve  and  breathing  circuit  connected  to  a  computer- 
controlled,  breath-by-breath  open  circuit  metabolic 
measurement  system  (Vmax229;  SensorMedics,  Yorba 
Linda,  CA,  U.S.A.).  Resting  values  were  obtained 
for  minute  ventilation  and  Pvjtco?.  Resting  Saco  was 
measured  by  pulse  oximetry  (Model  N-200;  Nellcor, 
Pleasanton,  CA,  U.S.A.)  and  resting  HR  was  measured  by 
three-lead  ECG  (Model  N-200;  Nellcor).  The  duration 
of  the  resting  ventilation  tests  was  approx.  20  min.  Mean 
resting  ventilation  data  were  calculated  from  the  last  8- 
10  min  of  the  session. 

Altitude  illness  assessment 

Incidence  and  severity  of  AMS  symptoms  were 
determined  from  information  gathered  using  the  ESQ  and 
LLS.  The  ESQ  is  a  self-reported,  68-question  inventory 
designed  to  quantify  symptoms  induced  by  altitude  and 
other  stressful  environments  [26].  Symptom  severity  is 
self-rated  on  a  scale  of  0-5,  with  a  score  of  0  indicating 
the  absence  of  symptoms  and  5  representing  the  symptom 
present  at  maximum  intensity.  A  weighted  average 
of  cerebral  symptoms  (headache,  light-headed  and 
dizzy;  designated  AMS-C)  and  respiratory  symptoms 
(i.e.  short-of-breath  and  hurts-to-breatbe;  designated 
AMS-R)  was  calculated  for  each  subject  for  each  AMS 
assessment.  AMS  was  judged  to  be  present  if  an  indivi¬ 
dual’s  AMS-C  score  was  >0.7  or  AMS-R  score  was 
>  0.6.  The  effectiveness  of  AMS-C  scores  in  identifying 
individuals  with  AMS  has  been  reported  and  validated 
previously  [26]. 

The  LLS  consists  of  a  five-question,  self-reported 
assessment  of  five  AMS  symptoms  using  a  scale  of  0-3 
and  an  investigator-conducted  assessment  of  three  clinical 
signs  of  AMS  [27].  The  LLS  self-report  and  LLS  self- 
report  plus  clinical  assessment  scores  were  calculated  for 
each  test  volunteer  and  the  presence  of  AMS  was  defined 
as  headache  (i.c.  score  of  >  1  on  the  headache  question) 
plus  one  additional  symptom  of  AMS  for  a  total  score 
of  >  3  on  either  the  self-report  questionnaire  alone  or  in 
combination  with  the  clinical  assessment  after  exposure 
to  altitude  for  more  than  2  h  [27].  The  LLS  self-report 
scoring  system  has  been  demonstrated  to  reliably  detect 
the  presence  of  AMS  and  correlate  with  ESQ  scores 
[28,29]. 

The  incidence  of  AMS  for  both  the  ESQ  and  LLS 
scoring  instruments  was  defined  as  the  number  of  test 
volunteers  who  achieved  or  exceeded  the  criterion  score 
value  on  a  measure  of  AMS  for  the  first  time  during 
the  30  h  exposure  divided  by  the  total  number  of 
test  volunteers.  Symptoms  of  AMS  were  assessed  four 
tunes  at  SL  (14:00,  20:00,  08:00  and  14:00  hours)  using 
ESQ  and  LLS.  Both  the  ESQ  and  LLS  questionnaires 
were  administered  four  times  (14:00,  20:00,  08:00  and 
14:00  hours)  during  each  30  h  altitude  condition.  Given 


'fable  I  Combined  group  body  weight,  height,  energy 
intake  and  percentage  contribution  of  carbohydrate,  fat  and 

protein  to  the  diet  ( n  =  6) 

Values  are  means  +  S.E.M.  I  kcal  =  4. 1 84  k]. 


SL 

PrelAE 

PostlAE 

Body  weight  (kg) 

77  ±6 

77  +  6 

77  +  6 

Height  (cm) 

177  +  3 

Energy  intake  (kcal) 

2815  ±  194 

1853  +  257 

2135  ±319 

Urine  volume  on  day  1  (ml  •  24  h  1 

)  1587  +  336 

2408  +  614 

2133  ±674 

Contribution  to  diet  (%) 

Carbohydrate 

58  ±3 

56  +  5 

55  +  2 

Fat 

28  +  3 

31  ±4 

34  +  2 

Protein 

14  +  3 

13+  1 

11+2 

that  volunteers  started  each  30  h  test  condition  at  approx. 
08:00  hours,  these  time  points  corresponded  to  6,  12,  24 
and  30  h  post-exposure. 

Statistical  analyses 

A  two-way  repeated  measures  ANOVA  was  used  to 
analyse  differences  between  the  independent  group  factor 
(rest  and  exercise  training)  and  the  repeated  measures 
test  condition  factor  (SL,  PrelAE,  and  PostlAE)  for 
the  incidence  of  AMS,  resting  Petco2,  Saco  and  24- 
h  urine  volume  measurements.  Three-way  ANOVAs, 
with  repeated  measures  on  the  additional  factor  of  time, 
were  used  for  AMS-C,  AMS-R  and  LLS  scores.  Signi¬ 
ficant  main  effects  and  interactions  were  analysed  using 
Tukey’s  least  significant  difference  test.  Pearson  product- 
moment  correlation  coefficients  were  calculated  for  the 
relationships  between  the  change  in  the  severity  of 
AMS  and  changes  in  .S'ao,  and  24-h  urine  volume 
from  SL  to  PrcIAE  and  PrelAE  to  PostlAE.  Statistical 
significance  was  set  at  P  <  0.05.  All  data  are  presented  as 
means  +  S.E.M. 

RESULTS 

Even  though  arterial  O?  desaturation  was  5—10  %  greater 
during  cycle  training  compared  with  rest  during  each 
IAE,  cycle  training  did  not  reduce  further  the  incidence 
or  severity  of  AMS  or  affect  any  of  the  other  measured 
variables.  Thus,  for  statistical  analyses,  data  from  all 
six  subjects  were  combined.  Individual  responses  are 
provided  for  /’etcoj. 

Volunteer  test  subjects 

Mean  body  weights,  heights,  24-h  urine  volumes,  energy 
intakes  and  percentage  contributions  of  carbohydrate, 
fat  and  protein  to  the  diet  were  similar  among  testing 
conditions  (Table  1).  Mean  body  weight  did  not  change 
from  baseline  during  the  5-week  course  of  the  study. 
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Individual  Data 


Figure  2  Effect  of  WE  on  PETCO2 

f ETCO2  (mmHg)  was  measured  in  six  volunteers  at  SL  and  during  ft  30  h  expos¬ 
ures  to  4300  m  altitude-equivalent  (PB  =  446  mmHg)  before  (PrelAE)  and  im¬ 
mediately  after  (PostlAE)  a  3  week  period  of  IAE  (4  h  ■  day"'1;  5  days  •  week'"1, 
4300  m).  *P  <0.05  compared  with  SL,  fP  <0.05  compared  with  PrelAE. 


Individual  and  group  Petco2  data  (mmHg)  are  shown 
in  Figure  2.  All  individuals  exhibited  a  decrease  in 
Petco2  (i.e.  increase  in  ventilation)  from  SL  to  PrelAE. 
All  individuals  exhibited  a  further  decrease  in  Petco2 
from  PrelAE  to  PostlAE.  The  mean  P etco2  decreased 
by  17  +  6%  (P  <  0.05)  front  SL  (38.5  +  0.9  mmHg)  to 
Prel  AE  (31.7  +  0.7  mmHg)  and  decreased  further  by 
11  ±6%  from  PrelAE  to  PostlAE  (28.0  +  0.3  mmPIg). 
Resting  .S’ao2  decreased  (P  <  0.05)  from  SL  (99+  1  %) 
to  PrelAE  (80  +  2%)  and  increased  (P  <  0.05)  from 
PrelAE  to  PostlAE  (85+  1  %).  Resting  HR  increased 
(P  <  0.05)  from  SL  (64  ±  7  beats/min)  to  PrelAE 
(86+11  beats/min)  and  decreased  (P  <  0.06)  from 
PrelAE  to  PostlAE  (75  +  8  beats/min). 

ms 

AMS-C,  AMS-R,  LLS  self-report  and  LLS  self-report 
plus  clinical  symptom  scores  are  shown  in  Figure  3.  The 
AMS-C  score,  measured  at  12,  24  and  30  h  post-altitude 
exposure,  increased  (P  <  0.05)  from  SL  to  PrelAE  and  de¬ 
creased  (P  <  0.05)  from  PrelAE  to  PostlAE.  The  AMS-R 
score  was  similar  at  SL,  PrelAE  and  PostlAE  at  all  time 


points.  The  LLS  self-report  and  LLS  self-report  plus 
clinical  scores,  measured  at  12,  24  and  30  h  post-altitude 
exposure,  increased  ( P  <  0.05)  from  SL  to  PrelAE  and  de¬ 
creased  (P  <  0.05)  from  PrelAE  to  PostlAE.  The  AMS-C 
and  LLS  self-report  scores  were  correlated  at  PrelAE  at 
6  h  (r  =  0.89,  P  =  0.02),  12  h  (r  =  0.95,  />  =  0.003),  24  h 
(r  =  0.92,  P  =  0.009)  and  30  h  (r  =  0.93,  P  =  0.008).  The 
increase  in  AMS-C  from  SL  to  PrelAE,  measured  at 
24  h  post-exposure,  was  significantly  correlated  with  the 
decrease  in  resting  Si o2,  measured  at  24  h  post  exposure, 
from  SL  to  PrelAE  (r  =  —  0.82,  P  =  0.05).  The  decrease  in 
AMS-C  from  PrelAE  to  PostlAE,  measured  at  24  h  post¬ 
exposure,  was  significantly  correlated  with  the  increase 
in  resting  5 ao2,  measured  at  24  h  post-exposure,  from 
PrelAE  to  PostlAE  (r=  —  0.82,  P  —  0.04).  The  change  in 
24-h  urine  volume  from  one  test  condition  to  the  next  was 
not  related  to  the  change  in  the  AMS-C  or  LLS  self-report 
scores. 

The  incidence  of  AMS,  determined  from  both  the  ESQ 
and  LLS  scoring  instruments,  was  identical  at  all  time 
points.  The  incidence  of  AMS  increased  (P  <  0.05)  from 
SL  (0  +  0  and  0  +  0  %)  to  PrelAE  (50  ±  22  and  50  ±  22  %) 
at  24  and  30  h  of  altitude  exposure  respectively,  and 
decreased  (P  <  0.05)  at  PostlAE  (0  +  0  and  0  +  0% 
respectively)  compared  with  PrelAE.  Resting  HR  and 
mean  arterial  pressure  collected  every  other  day  during 
intermittent  altitude  exposures  did  not  change  from  day 
I  to  day  1 5.  Resting  Sao2  increased  (P  <  0.05)  from  day  1 
to  day  15  of  I  AE  (Figure  4). 

DISCUSSION 

The  present  study  tested  the  hypothesis  that  3  weeks  of 
IAE,  in  combination  with  rest  or  cycle  training,  would 
reduce  the  incidence  and  severity  of  AMS  at  4300  m  and 
that  the  reduction  in  AMS  severity  would  be  associated 
with  an  increase  in  resting  ventilation  and  24-h  urine 
volume.  The  present  study  makes  the  following  new 
conclusions  following  3  weeks  of  IAE:  (i)  the  incidence 
and  severity  of  AMS  during  a  30  h  exposure  to  4300  m 
were  reduced,  and  (ii)  the  reduction  in  the  severity  of 
AMS  was  related  to  the  increase  in  resting  ,Sao2,  but 
not  24-h  urine  volume.  The  reductions  in  the  incidence 
and  severity  of  AMS  following  3  weeks  of  IAE  were 
quantifiably  comparable  with  those  reported  previously 
following  chronic  altitude  residence  [30-32],  IAE  may 
therefore  be  used  as  an  alternative  to  chronic  altitude 
residence  to  reduce  the  incidence  and  severity  of  AMS 
upon  exposure  to  4300  m. 

Two  commonly  proposed  mechanisms  for  the  de¬ 
velopment  of  AMS  upon  exposure  to  altitude  are  the 
absence  oi  normal  altitude  diuresis,  evidenced  by  a 
lack  of  increased  urine  output  [3,1 0,33],  and  relative 
hypoventilation  [9,10,34],  The  most  likely  explanation 
for  the  reduction  in  the  incidence  and  severity  of  AMS 
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Figure  3  AMS-C,  AMS-R,  LIS  self-report  and  LLS  seif-report  plus  clinical  assessment  scores  during  iAE 
AMS-C,  AMS-R,  LLS  self-report  [LLS  (Self-report)]  and  LLS  self-report  and  clinical  assessment  score  [LLS  (Self-report  +  Clinical)]  were  measured  in  six  volunteers  at  6,  12, 

24  and  30  h  of  exposure  to  SL,  during  ^  30  h  exposures  to  4300  m  altitude-equivalent  (PB  =  446  mmHg)  before  (PrelAE)  and  immediately  after  (PostlAE)  a  3  week 

period  of  IAE  (4  h  •  day  1 ;  5  days  ■  week  1 ,  4300  m).  *  P  <  0.0S  compared  with  SL.  f  P  <  0.05  compared  with  PrelAE. 

resting  SaOj  (80  +  2%)  during  the  first  30  h  exposure 
to  4300  m  (i.e.  PrelAE)  was  the  same  as  the  resting 
Sao2  (80  +  2%)  at  4300  m  on  the  first  day  of  IAE,  it 
is  unlikely  that  resting  ventilation  increased  due  to  the 
stimulus  of  the  initial  30  h  altitude  exposure.  Although 
an  increase  in  hypoxic  ventilatory  sensitivity  has  been 
reported  after  as  little  as  8  h  of  exposure  to  poikilocapnie 
hypoxia  [35],  it  has  also  been  shown  [36]  that  the  in¬ 
creased  hypoxic  ventilatory  sensitivity  following  16  days 
of  acclimatization  to  4300  in  decreases  back  to  SL  values 
following  5  days  of  altitude  deacclimatization.  Although 
not  measured,  the  ~3  days  of  altitude  deacclimatization 
from  PrelAE  to  the  first  day  of  IAE  in  our  present 
study  would  most  probably  return  hypoxic  ventilatory 
sensitivity  back  to  SL  values  following  a  relatively  short 
30  h  altitude  exposure.  Thus  the  observed  increase  in 
resting  ventilation  at  PostlAE  was  most  probably  due 
to  the  15  days  of  IAE  and  not  the  initial  30  h  altitude 
exposure. 

The  increase  in  resting  ventilation  and  Sao2  following 
repeated  IAE  has  been  reported  in  most  [21,37-40],  but 
not  all  [41],  previous  studies.  However,  the  present  study 
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Altitude  Exposure  Days 
Figure  4  Resting  Sao2  during  IAE 

Resting  Jao2  measured  every  other  day  in  six  volunteers  during  15  days  of  IAE. 
*  P  <  0.05  compared  with  day  I. 

following  3  weeks  of  IAE  m  the  present  study  was  the  in 
crease  in  resting  ventilation  and  corresponding  increase 
in  S aOj,  since  24-h  urine  volume  was  not  changed.  Since 
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is  the  first  in  which  the  change  in  resting  S ao?  has 
been  correlated  with  the  change  in  the  severity  of  AMS 
following  1AE.  The  strong  correlations  between  the 
increase  in  AMS-C  and  decrease  in  resting  Sao?  from 
SL  to  PrelAE,  as  well  as  the  strong  correlation  between 
the  decrease  in  AMS-C  and  increase  in  resting  .Sac>2  from 
PrelAE  to  PostlAE,  supports  the  hypothesis  that  resting 
.Saco  is  closely  linked  with  AMS  severity. 

This  is  the  first  study  to  report  that  IAE  result 
in  the  complete  elimination  of  AMS  in  lowlanders. 
Although  several  other  studies  have  suggested  that  AMS 
is  eliminated  following  IAE  [16,17],  none  have  quanti¬ 
tatively  measured  AMS.  One  study  [42]  did  quantitatively 
measure  AMS  in  lowlanders  upon  exposure  to  4500  m 
following  intermittent  exposures  to  hypoxic  gases 
(8  h-day  10  days,  3200-3500  m)  and  compared  their 
responses  with  a  group  of  non-acclimatized  controls. 
That  study  [42]  reported  no  differences  in  the  severity 
of  AMS  between  groups  upon  exposure  to  4500  m,  but 
was  complicated  by  the  fact  that  up  to  five  breaks  of 
varying  duration  were  given  from  breathing  the  hypoxic 
gases  during  the  course  of  the  8-h  day.  Furthermore,  even 
though  the  inspired  partial  pressure  of  02  (P o2)  was 
known,  the  actual  degree  of  hypoxaemia  (i.e.  Saoj) 
was  not  measured  in  the  volunteers  breathing  the  hypoxic 
gas  mixture.  Thus  these  earlier  results  are  tenuous  at 
best. 

The  incidence  and  severity  of  AMS  upon  acute 
exposure  to  altitude  in  our  present  study  was  comparable 
with  the  mean  results  reported  from  other  altitude  studies 
conducted  at  4300  m  [30-32].  However,  this  is  the  first 
study  to  report  that  intermittent  exposures  to  4300  m 
were  equally  as  effective  as  chronic  altitude  residence  [30- 
32]  in  eliminating  the  incidence  and  severity  of  AMS.  IAE 
therefore  appear  to  be  an  effective  alternative  to  chronic 
altitude  residence  for  inducing  altitude  acclimatization 
and  eliminating  AMS. 

During  the  15  days  of  IAE,  resting  Sao?  was  increased 
f  rom  the  first  day  to  the  last  day  of  exposure  (Figure  4). 
The  pattern  of  increase,  however,  did  not  appear  linear, 
m  that  the  majority  of  the  increase  in  Sao?  occurred  by 
day  9.  Although  we  had  hoped  to  determine  whether 
we  could  shorten  the  number  of  altitude  exposure  days 
needed  to  acclimatize  to  4300  m,  the  lack  of  a  statistically 
significant  change  in  Go?,  a  major  determinant  of  altitude 
acclimatization,  until  the  15th  day  of  altitude  exposure 
suggests  otherwise. 

C©iiic3iJisi©ms 

The  present  study  makes  the  following  new  conclusions 
following  3  weeks  of  1 AE:  (i)  the  incidence  and  severity  of 
AMS  during  a  30  h  exposure  to  4300  m  were  reduced,  and 
(u)  the  reduction  in  the  seventy  of  AMS  was  related  to  the 
increase  in  resting  Go?,  but  not  24-h  urine  volume. 


The  reductions  in  the  incidence  and  severity  of  AMS  fol¬ 
lowing  3  weeks  of  IAE  were  comparable  with  those 
reported  previously  following  chronic  altitude  residence. 
IAE  may  therefore  be  used  as  an  alternative  to  chronic 
altitude  residence  to  reduce  the  incidence  and  severity  of 
AMS  upon  exposure  to  4300  m. 
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